urine of normal humans (Tamm & Horsfall, 1950) . It has been shown by immunological and chemical methods to comprise the major constituent of casts in the urine of patients with the nephrotic syndrome (McQueen, 1962; Fletcher, McLaughlin, Ratcliffe & Woods, 1970) . In addition it has been suggested that in individual patients with the nephrotic syndrome, periods of heavy total proteinuria were always associated with a marked increase in the excretion of T-H glycoprotein (McKenzie, Pate1 & McQueen, 1964) .
Fluorescent antibody studies have shown that the glycoprotein is present in a wide variety of renal calculi (Keutel, 1965) . Investigation of its production and excretion has been hampered by the absence of a specific and quantitative method for its measurement and its role, if any, in the physiology and pathology of the kidney is obscure. A specific and quantitative radioimmunoassay has been developed for the measurement of T-H glycoprotein in extremely low concentrations (150-2500 ng/ml) in the presence of other proteins (Marr, 1970; Grant & Neuberger, 1973) . This method has now been used to investigate T-H glycoprotein excretion rate in various disease states of the kidney, and the T-H content of renal calculi.
M E T H O D S
Urine collections over a 24 h period were obtained from ten normal active males between the ages of 23 and 42 years, from five healthy females between the ages of 20 and 30 years and from ten inpatients (four men, six women; Table 1 ) with various degrees of impairment of glomerular filtration rate. A 10 ml aliquot of urine was used for measurement of T-H glycoprotein concentration in each case. A venous blood sample was obtained during the 24 h period and creatinine clearance was measured. Four men with established cadmium nephropathy, following periods of exposure to cadmium oxide dust ranging from 16 to 28 years, were studied in the same way (Table 2) . These patients have been described previously (Adams, Harrison & Scott, 1969; cases 1, 7, 10 and 14) .
Eight children with abnormalities of proximal tubular function, and proven (seven cases) or strongly suspected (one case) to be associated with Lignac-Fanconi syndrome, were studied under supervision in an Outpatient Department (Table 3) . None was known or suspected to have abnormalities of bladder emptying or ureteric reflux. A timed urine sample was obtained in each case after an initial act of voiding. During this period, the consumption of fluids by mouth was encouraged. A venous blood sample was obtained during the collection period and an aliquot was employed for measurement of serum creatinine. In three normal children (Table 3 ) timed urine collections were made at home under parental supervision. Timed samples on two different days were obtained from one of the children. Blood samples were not taken in this group. Informed consent was obtained from all adults and from at least one parent of the children studied.
Assessment of T-H excretion at various urine flow-rates was carried out as follows: One of us (normal male, aged 31) drank 1000 ml of water immediately after voiding the bladder at 10.00 hours. Thereafter fluids were taken ad libitum. Nine timed urine collections were obtained subsequently over a 24 h period.
Toluene or sodium azide (approx. 0.005%) were used as preservative for the 24 h urines collected. Tamm-Horsfall glycoprotein concentrations were measured by the method of Grant & Neuberger (1973) . Each urine sample was assayed on at least two occasions at several dilutions and an average value was taken. Serum and urine creatinine concentrations were measured by an automated Jaffe method using the Technicon 'N' methodology. All creatinine clearances were corrected for body surface area. It was not considered justifiable to subject normal children to venepuncture, so their creatinine clearances were not measured. However, from the extensive studies of Barnett (1950) it is reasonable to assume that the glomerular filtration rate, corrected for surface area, of all children over the age of 2 years is 127 ml min-'(1.73 m2)-l. The creatinine clearances of all children with cystinosis were likewise corrected for surface area. Total urinary protein was measured by a turbidimetric method employing 3% salicylsulphonic acid (Wootton, 1964) .
To extract all the protein from the renal calculi, the weighed stone was pulverized in a pestle and mortar and then suspended in 0.1 M-phosphate buffer, pH 7.8, containing 5% EDTA. The suspension was then dialysed in 1.4 cm (18/32 in.) Visking tubing against several changes of this buffer for 7-10 days, by which time most, if not all, of the residue had dissolved. A final dialysis for 2-3 days against several changes of distilled water removed most of the EDTA which would otherwise have interfered with the assay. If any insoluble material remained at this stage, it was removed by gentle centrifugation. The water-soluble extracts of the calculi were assayed for total protein content, by the method of Lowry, Rosebrough, Farr & Randall (1951) with pure human T-H glycoprotein as a reference standard, and for T-H glycoprotein content by the radioimmunoassay. Where possible, the extract from each calculus was assayed on two different occasions but, in two cases, the small amount of material available made this impossible. However, within a single assay, as described by Grant & Neuberger (1973) the T-H content of the sample at several dilutions was always determined, and at least one normal 24 h urine sample was included in every assay as a control.
R E S U L T S
Replicate estimations of urinary T-H glycoprotein concentration never varied by more than f20% from the mean. The normal average daily excretion of T-H glycoprotein in ten males and five females was found to be 54.1 f 17.4 SD mg/24 h which corresponded closely to the value established one year previously of 48.8 t 10.7 SD mg/24 h. The mean ratio of T-H excretion rate (pg/min) perm1 of creatinine clearance corrected for surface area [ml rnin-'(l*73 m2)-'] was 0-42f0.11 SD pg ml-l(1.73 m2)-l for the fifteen normal subjects studied. A correlation was observed between T-H excretion rate and creatinine clearance corrected for surface area in these normal subjects (r = 0-71, t = 3.64, 0.0005<P<0.0025). (Table 1) Total T-H glycoprotein excretion/24 h was markedly reduced in these patients, but a significant correlation was obtained between T-H excretion rate and glomerular filtration rate as measured by creatinine clearance (r = 0.76, t = 3.30,0*005 <P<O.Ol). The T-H excretion per functioning nephron unit did not differ significantly from normals [0*33+0-16 pg ml-'(1.73 m2)-l meanfSD, t = 1.6, O.O5<P<O*lO]. (Table 2) T-H glycoprotein/24 h was in the normal range in all four patients, despite their decreased glomerular filtration rates. The excretion(m1 of glomerular filtrate) -'(1.73 m2)-' was, however, significantly elevated at 0.70 f 0.18 SD (t = 4.10, P < 0.0005). (Table 3) T-H glycoprotein excretion rates in eight affected children were compared with those of normal children in a similar age range. The patients excreted the glycoprotein at a similar rate to the normal children despite their decreased glomerular filtration rates. The glycoprotein excretion per ml of creatinine clearance corrected for surface area were, however, markedly higher than those of the controls [0.65+0.26 SD compared with 0*16+0.05 SD pg ml-'(1.73 ,')-I t = 3.7, 0~0005<P<0~0025]. Subject Sex* of (mg/g of (mg/g of (% of total 
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In a normal male adult, T-H glycoprotein excretion rate was independent of urine flow-rate Renal and bladder calculi (Table 4) Calculi from seventeen patients were qualitatively analysed for inorganic material and quantitatively analysed for total protein and T-H glycoprotein content. T-H glycoprotein was detected in all the calculi, its concentration ranging from 0.002 to 5.07 mg/g of calculus. There was no correlation between T-H glycoprotein content and either the total protein content, or the qualitative inorganic composition of the calculi.
D I S C U S S I O N Renal handling of T-H glycoprotein in disease states
Our observation that T-H glycoprotein excretion rate in patients with renal impairment is decreased in proportion to the decrease in glomerular filtration rate agrees closely with that of McKenzie and co-workers (1964) . There is, however, no significant decrease in T-H excretion ratejml creatinine clearance in patients with chronic renal impairment. Assuming the 'intact nephron hypothesis' to be true (Platt, 1952; Bricker, Morrin & Kime, 1960) , this indicates that T-H excretion per functioning nephron unit is not markedly decreased in chronic renal failure.
Cadmium nephropathy and Lignac-Fanconi syndrome are conditions in which renal tubular structure and function are primarily affected (Bonnell, 1955 (Bonnell, , 1965 Axelsson, Dahlgren & Piscator, 1968; Clay, Darmady & Hawkins, 1953; Black, 1967) . In patients with these disorders an unequivocal increase in T-H glycoprotein per nephron has been observed. This might result from increased T-H glycoprotein production, decreased catabolism or diminished reabsorption of the protein within the nephron or any combination of these. Failure of normal tubular reabsorption probably accounts for the characteristic proteinuria observed in some renal tubular disorders (Peterson, Evrin & Berggard, 1969; Harrison, Lunt, Scott & Blainey, 1968) . However, urinary T-H glycoprotein exists in aggregates with a molecular weight of 14 x lo6 (Oliver, Pike, Cleave & Peacocke, 1971) , and dissociation to its subunit (79000) has been shown to require a protein-dissociating agent (Fletcher, Neuberger & Ratcliffe, 1970) . Therefore significant reabsorption probably does not normally occur. This mechanism appears unlikely to account for our findings.
The turnover-time of cells in the proximal and distal tubules of mouse kidney is approximately 190 days (Cameron & Thrasher, 1971) . The turnover of T-H glycoprotein in rabbits is very rapid and therefore likely to be independent of the cell lifespan (A. M. S. Grant & A. Neuberger, unpublished work). It seems likely that increased glycoprotein synthesis in the damaged tubular cells, probably occurring independently of cell turnover, is the most likely explanation for our finding. This was also the explanation favoured by McKenzie et al. (1964) for the elevated T-H glycoprotein excretion rates observed in some patients with nephrotic syndrome.
The possibility that polyuria associated with these two disorders of tubular function might account for increased T-H excretion is excluded by the observation that T-H excretion is unaffected by urine flow-rate.
Renal and bladder calculi
Our findings confirm that renal and bladder calculi contain T-H glycoprotein and are the first quantitative study of this kind. There is a very wide variation (2500-fold) in T-H glycoprotein content of the calculi and the lack of correlation between T-H content and total protein content suggests that non-specific adsorption alone of T-H glycoprotein does not explain its presence. Although we have shown that T-H glycoprotein comprises a relatively high proportion of the total protein content of some calculi, its relation, if any, to stone formation remains obscure.
